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s. ArabiaAbstract In the current study, a sensitive and simple method for the removal of lead Pb(II), from
water samples prior to its determination by inductively coupled plasma optical emission spectrom-
etry (ICP-OES), was investigated. The method utilized activated carbon (AC) physically modiﬁed
with Eriochrome Blue Black (EBB) as a solid-phase extractant. Surface properties of the AC-
EBB phase were characterized by FT-IR and SEM. The separation parameters for effective adsorp-
tion of lead Pb(II), including effects of pH, initial concentration of Pb(II), coexisting ions and shak-
ing time using batch method were studied. The optimum pH value for the separation of Pb(II) on
the new sorbent was 7.0, and the maximum static adsorption capacity of Pb(II) onto the AC-EBB
was 127.896 mg/g at this pH and after 1 h contact time. The Pb(II) adsorption data were modeled
using Langmuir adsorption isotherms. Results demonstrated that the adsorption of Pb(II) onto
activated carbon followed pseudo second-order kinetic model.
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Water pollution caused by heavy metals is one of the major
economic and environmental problems all over the world.53376335.
.com (H.M. Albishri).
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n Journal of Chemistry (2013), httAmong heavy metal ions, Pb(II) is considered to be non-biode-
grade, and attracted more attention due to its toxicity, persis-
tent in nature particularly, even at low concentrations (Chiron
et al., 2003; Zabihi et al., 2009; Naiya et al., 2009). The main
target for lead toxicity is the nervous system, both in adults
and children. Lead exposure may cause weakness in ﬁngers,
wrists, or ankles, small increases in blood pressure and anemia
(Schwartz et al., 1990). At high levels of exposure, lead can se-
verely damage the brain and kidneys and ultimately cause
death (ATSDR, 2007). The WHO has recommended
0.01 mg/L as a maximum contaminant level for lead in drink-
ing water (WHO, 2008).ing Saud University.
lack modiﬁed activated carbon as solid phase extractor for removal of
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Figure 1 Chemical structure of EBB.
2 H.M. Albishri et al.The separation/preconcentration methods for removing
heavy metals include liquid–liquid extraction (Nasu et al.,
1997), ion exchange (Tao and Fang, 1998), chemical precipita-
tion (Soylak and Erdogan, 2006), and adsorptive solid phase
extraction (SPE) technique. SPE has become known as a pow-
erful tool for the separation of various inorganic and organic
analytes (Mahmoud and Gohar, 2000; Soliman et al.,
2011a,b). It has several important advantages, such as simplic-
ity, ﬂexibility, economic, rapid, high enrichment factors, ab-
sence of emulsion, low cost because of lower consumption of
reagents (Harvey, 2000; Fritz, 1999) and environmentally
friendly especially in case of using adsorbents of natural origin
(Soliman et al., 2011a,b).
In fact, a large variety of adsorbents have been used as solid
phase extractants for selective separation and/or preconcentra-
tion of hazardous pollutants present in complex matrices.
Among these adsorbents are, silica gel (Jal et al., 2004), alu-
mina (Kasprzyk-Hordern, 2004; Soliman et al., 2006), carbon
nanotubes (Ravelo-Pe´rez et al., 2010), cellulose (O’Connell
et al., 2008) and activated carbon (Yin et al., 2007). Activated
carbon (AC) is one of the most extensive adsorbents for the re-
moval of heavy metals from aqueous solutions due to its large
surface area, high adsorption capacity and porous structure
(Seco et al., 1997; Sanchez-polo and Rivera-utrilla, 2002; Qa-
deer et al., 1992). So, the effect of surface functional groups
modiﬁcation of ACs on the selectivity and adsorption behavior
of heavy metal ions is a subject of growing interest. Recently,
the advantages and disadvantages of different methodologies
used to modify the surface of ACs have been compared for
their application as adsorbents to remove different pollutants
from aqueous phase. It was concluded that modiﬁcation
through oxidation can reduce the AC surface area along with
the undesirable effect of pore blockage (Rivera-Utrilla et al.,
2011). For this reason different coordination ligands have been
used (Gao et al., 2009; Zhang et al., 2010; Li et al., 2009a,b;
Monser and Adhoum, 2009) to modify ACs, showing that
coordinated ligand anchorage on the AC surface modiﬁed its
textural, selectivity and binding properties to remove heavy
metal ions from water by complex formation.
It is aimed in this manuscript to synthesize and characterize
a new solid phase extractor based on modiﬁcation of AC with
Eriochrome Blue Black B as a well known metal complexing
agent. The efﬁciency of the produced adsorbent (AC-EBB)
for binding to a number of heavy metal ions namely Cr(III),
Fe(III), Co(II), Ni(II), Cu(II), Cd(II) and Pb(II) was evaluated
and compared. Since AC-EBB exhibits the highest capability
for binding to Pb(II), compared to the other tested metal ions,
the study was continued to optimize maximum adsorption
characteristics and application to natural water samples.
2. Experimental
2.1. Instruments
Perkin-Elmer 100 series (Beaconsﬁeld, Bucks, and UK) was
used to obtain Fourier Transform Infrared (FT-IR) spectra
for activated carbon and its modiﬁed form. FEI Scanning
Electron Microscope (SEM) Quanta FEG 450 was used to ob-
tain SEM for AC, activated carbon modiﬁed Eriochrome Blue
Black B (AC-EBB) and activated carbon Eriochrome Blue
Black B after adsorbed lead onto its surface AC-EBB-Pb(II).
Surface characterization of activated carbon (AC) wasPlease cite this article in press as: Albishri, H.M. et al., Eriochrome Blue B
Pb(II) ions from water samples. Arabian Journal of Chemistry (2013), httperformed using Quantachrome Autosorb 1. The concentra-
tion of metal ions was determined using Perkin Elemer Induc-
tively Coupled Plasma Optical Emission Spectroscopy ICP-
OES (Optima 7000DV, USA). The pH of solution was mea-
sured using pH meter Jenway 3505.
2.2. Chemicals and solutions
All chemicals used were of analytical reagent grade. Lead, cad-
mium, iron, copper, zinc, nickel and cobalt nitrates (Ion Stan-
dard Solution of 1000 mg/L), and AC were purchased from
Fluka. Eriochrome blue-black B [1-(1-hydroxy-2-naphthy-
lazo)-2-naphthol-4-sulfonic acid sodium salt] Fig. 1, hydro-
chloric acid and sodium hydroxide were obtained from
Merck Ltd. Potassium chloride, potassium dihydrogen ortho-
phosphate, acetic acid, disodium hydrogen phosphate, nitric
acid and chromium nitrate were obtained from BDH, Poole,
England. The chromium stock solution (1000 mg/L) was pre-
pared by dissolving chromium nitrate (7.695 g) in 1 L
(0.25 M) nitric acid. The test solutions were prepared by dilut-
ing the stock solution to the desired concentration. A series of
buffer solution (pH 1–9) were prepared, pH 1–2 were prepared
by mixing (0.1 mol/L) potassium chloride with (0.1 mol/L)
hydrochloric acid, pH 3–6 were prepared by mixing (0.1 mol/
L) acetic acid with (0.1 mol/L) sodium acetate trihydrate and
pH 7–8 were prepared by mixing (0.1 mol/L) sodium hydrox-
ide with (0.1 mol/L) potassium dihydrogen phosphate and
pH 9 was prepared by mixing (0.1 mol/L) disodium hydrogen
phosphate with (0.1 mol/L) sodium hydroxide.
2.3. Synthesis of modiﬁed activated carbon
2.3.1. Puriﬁed activated carbon (AC)
Activated carbon was puriﬁed by keeping it in 10% (v/v) HCl
solution for 24 h to remove adsorbed impurities. Then it was
ﬁltered and washed thoroughly with doubly distilled water
(DDW) to neutral and dried in an oven for 6 h at 100 C.
The main surface characteristics of this adsorbent are as
follows: BET surface area 1149.06 m2/g, pore volume
0.523 cm3/g and an average pore diameter 1.824 nm.
2.3.2. Activated carbon modiﬁed Eriochrome Blue Black (AC-
EBB)
It was synthesized by impregnation of 5 g of AC with 225 mg
EBB dissolved in 1 L DDW for 72 h at room temperature. The
mixture was then ﬁltered and the adsorbent produced was
washed thoroughly with DDW till the ﬁltrate became colorless
to make sure the removal of the unloaded EBB. Then dried in
an oven for 6 h at 100 C.lack modiﬁed activated carbon as solid phase extractor for removal of
p://dx.doi.org/10.1016/j.arabjc.2013.07.023
Eriochrome Blue Black modiﬁed activated carbon as solid phase extractor for removal of Pb(II) ions 32.3.3. Surface coverage determination
The concentration of EBB adsorbed on the surface of AC was
determined by the thermal desorption method (Soliman and
Ahmed, 2009), according to the following procedure. A
100 mg sample of AC-EBB was weighed in a dry porcelain
crucible and put in a mufﬂe furnace. The temperature was
gradually increased to 500 C and the ignition was completed
at this temperature in 1 h. the remaining activated carbon
was left to cool and weighed to determine the desorbed EBB
by weight difference. Blank sample of AC was subjected to
the same thermal desorption procedure as described for
comparison.
2.4. Batch method for Pb(II) adsorption
The adsorption experiments (percentage extraction, adsorp-
tion capacity and shaking time) were carried out in a batch
mode by adding 25 mg of AC-EBB to 10 ml buffer solution
and appropriate amount of metal ion stock solution then com-
plete to 25 ml. The mixtures were shaking in a 50 ml volumet-
ric ﬂask for 1 h at room temperature to attain equilibrium.
After ﬁltration, the ﬁnal concentration of metal ions in the ﬁl-
trate was measured by ICP-OES.
The percentage adsorption (%E) and the equilibrium
adsorption capacity (Qe) were calculated according to the fol-
lowing equations:
%E ¼ ðC0  CeÞ=C0  100 ð1Þ
Qe ¼ ðC0  CeÞ  V=m ð2Þ
where C0 and Ce are the initial and equilibrium concentrations
of metal ions in mg/L, respectively, m is the mass of adsorbent
in g and V is the volume of solution in L. All experiments were
determined in triplicate and the data obtained actually repre-
sent the mean values.
3. Results and discussion
3.1. FT-IR analysis of AC and after modiﬁcation by EBB
The FT-IR spectra of the adsorbents are presented in Fig. 2.
AC showed three signiﬁcant stretching vibration bands at
1192.44 cm1, 1578.80 cm1 and 3380.66 cm1. The ﬁrst bandFigure 2 FT-IR spectra
Please cite this article in press as: Albishri, H.M. et al., Eriochrome Blue B
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phenols groups (Liu et al., 2011), the second band was assigned
to C‚C of aromatic rings, while the third band was assigned
to O–H of alcohol and phenol groups (Zhao et al., 2010). The
new peak at 1044 cm1 in AC-EBB was argued to S–O stretch-
ing in the sulfonate group (Matsuhiro and Rivas, 1993; Zhang
et al., 2002).
3.2. Scanning Electron Microscope (SEM)
SEM is a well known tool for studying surface morphology of
the materials. SEM images (magniﬁcation = 5123·) for AC
and AC-EBB are shown in Fig. 3. There is a signiﬁcant differ-
ence between the plain AC and its modiﬁed form AC-EBB due
to covering by EBB. After uptake of lead ions, the AC-EBB
surface appeared different as well in the SEM micrographs
Fig. 3C.
3.3. Surface coverage
The concentration of EBB on AC surface AC-EBB adsorbent
was determined to be 40 mg/g based on the thermal desorption
method (Soliman and Ahmed, 2009). Combining the above
characterization data revealed that the modiﬁcation process
for activated carbon was successful.
3.4. Effect of pH on metal ion binding capacities using AC-EBB
The pH of solution is one of the most important variables
affecting metal ion adsorption. In order to evaluate the effect
of pH, seven metal ions, namely, Cd(II), Ni(II), Fe(II), Cr(II),
Co(II), Cu(II) and Pb(II) were investigated, batch experiments
were carried out at different pH values 1–9, the other param-
eters including initial metal ion concentration (5 mg/L), shak-
ing time (1 h) and temperature (25 C) were maintained
constant. The results are shown in Fig. 4. Several trends were
notable. First, it was the strong dependence of the metal
adsorption values on the pH of solutions, and the adsorption
increased with the increasing of pH value. This is due to the
fact that, the formation of M(II)–EBB complex, at low pHs
is not possible since, the N and O donor atoms on AC-EBB
surface can be protonated (Ensaﬁ and Shiraz, 2008). Infor AC and AC-EBB.
lack modiﬁed activated carbon as solid phase extractor for removal of
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Figure 3 SEM images for AC (A), AC-EBB (B) and AC-EBB-
Pb(II) (C), (magniﬁcation = 5123·, 20 lm).
0%
20%
40%
60%
80% 
100% 
0 2 4 6 8 10
%
 E
pH
Cu(II) 
Co(II) 
Ni(II)
Pb(II) 
Cr (III)
Cd (II)
Fe(II) 
Figure 4 Effect of solution pH on adsorption of metal ions onto
AC-EBB (C0 = 5 mg/L, T= 25 C, shaking time = 1 h, adsor-
bent mass = 25 mg, solution volume = 25 ml).
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Figure 5 Adsorption capacity of Pb(II) onto AC and AC-EBB
(T = 25 C, shaking time = 1 h, adsorbent mass = 25 mg,
pH= 7, solution volume = 25 ml).
4 H.M. Albishri et al.addition, hydronium ions (H3O) are adsorbed more than other
ions since hydronium ions have high concentration and more
tendencies to be adsorbed (Erdema et al., 2009; Alkan and Do-
gan, 2001). With increasing the pH, hydronium ion concentra-
tion reduced and results in other ions being better and more
adsorbed (Erdema et al., 2009; Xue et al., 2009; Alkan and Do-
gan, 2001). Second, it was found that the percentage extraction
of Pb(II) and Cu(II) was higher than other metal ions. How-
ever, lead was chosen for this study due to its high toxicity,Please cite this article in press as: Albishri, H.M. et al., Eriochrome Blue B
Pb(II) ions from water samples. Arabian Journal of Chemistry (2013), httand pH 7 was selected as optimum value to avoid metal ion
precipitation (Xue et al., 2009).
3.5. Maximum uptake capacity of Pb(II) using AC-EBB
adsorbent
The effect of initial concentration of Pb(II) on adsorption onto
plain activated carbon and modiﬁed activated carbon was
studied at concentrations (5–150 mg/L) as shown in Fig. 5. Ini-
tially, AC and AC-EBB have the same behavior until 80 mg/L,
then AC-EBB was better than AC. Activated carbon has high
surface area, pours structure and contains several function
groups. So, lead directly adsorbed on activated carbon. The
modiﬁcation process improves the properties and increases
capacity for adsorption. At high concentrations the AC-EBB
was better than unmodiﬁed activated carbon. For instance,
AC-EBB was better than AC by 16.58% and 58.00% at initial
Pb(II) concentrations of 100 mg/L and 150 mg/L, respectively.
This clearly demonstrates the role played by chelating and
complex formation. In addition, at low lead concentration,
the ratio of number of moles of Pb(II) in solution to thelack modiﬁed activated carbon as solid phase extractor for removal of
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of initial concentration. At higher concentration the available
sites for binding are less and hence lead removal is dependent
on the initial concentration. The maximum experimental
adsorption capacity has been found to be 127.89 mg/g, so
the AC-EBB had a high capacity for removal of lead from
water solution compared with unmodiﬁed activated carbon.
3.6. Effect of shaking time
Shaking time is an important factor in the process of evalua-
tion of the AC-EBB. The batch experiments were carried out
at different contact times (1–90 min) using mechanical shaker
with a ﬁxed sorbent mass (25 mg), Pb(II) concentration
(150 mg/L) at a pH of 7.0 and 25.0 ml contact solution. Re-
sults of percentage extraction of Pb(II) as a function of shaking
time, as shown in Fig. 6 showed after 30 mint the percentage
extraction reacted 66.43% and the equilibrium for Pb(II) is at-
tained after 60 min of contact.
3.7. Binding performance (sorption isotherms)
The purpose of the sorption isotherms is to reveal the speciﬁc
relation between the equilibrium concentration of adsorbate in
the bulk and the adsorbed amount at the surface. Fitting the
data to different isotherm models is an important step to ﬁnd
the suitable model that can be used for performance of adsorp-
tion process. To ﬁnd out the mechanistic parameters associ-
ated with Pb(II) sorption, the results obtained by the
adsorption experiments were analyzed by Langmuir model.
The Langmuir adsorption model (Langmuir, 1916) is based
on the assumption that maximum adsorption corresponds to a
saturated monolayer of solute molecules on the adsorbent sur-
face, with no lateral interaction between the adsorbed mole-
cules. The Langmuir adsorption isotherm has been
successfully used in many monolayer adsorption processes.
The expression of the Langmuir model is given by Eq. (3).
qe ¼ Q0bCe=1þ bCe ð3Þ0% 
20%
40% 
60% 
80% 
100%
0 20 40 60 80 100
%
E
me (min)
Figure 6 Effect of shaking time on adsorption of Pb(II) onto
AC-EBB (initial concentration = 150 mg/L, T= 25 C, adsor-
bent mass = 25 mg, pH = 7, solution volume = 25 ml).
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adsorbate per unit mass of adsorbent and unadsorbed adsor-
bate concentration in solution at equilibrium, respectively.
The value of Q0 (mg/g) is the maximum amount of adsorbate
per unit mass of adsorbent to form a complete monolayer on
the surface bound at high Ce and b is a constant related to
the afﬁnity of the binding sites (L/mg). The Langmuir equation
can be described by the linearized form:
Ce=qe ¼ Ce=Q0 þ 1=bQ0 ð4Þ
When Ce/qe is plotted against Ce, a straight line with slope of
1/Q0 is obtained as shown in Fig. 7. The correlation coefﬁ-
cients, R2 (0.967) indicated that the adsorption data of lead
on AC-EBB are well ﬁtted to the Langmuir isotherm, support-
ing the formation of monolayer coverage of lead ions at the
surface of AC-EBB.
The Langmuir constants b and Q0 were calculated from
intercept (1/Q0b) and slope (1/Q0), they were found 1 and
125 respectively. Moreover, there is a good agreement between
the experimental adsorption capacity 127.89 mg/g and the cal-
culated one 125 mg/g.
The essential characteristics of the Langmuir isotherm can
be expressed in terms of a dimensionless equilibrium parameter
(RL) (Hall et al., 1996). The parameter is deﬁned by: RL = 1/
(1 + bC0).
where b is the Langmuir constant and C0 (mg/L) is the ini-
tial lead concentration. The parameter RL indicates the shape
of isotherm as follows:
RL value Type of isotherm
RL > 1 Unfavorable
RL = 1 Linear
0 < RL < 1 Favorable
RL = 0 IrreversibleF
(
p
la
py = 0.008x + 0.00
R² = 0.967 
0 
0.05
0.1 
0.15
0.2 
0.25
0 5 10 15
C e
/q
e
(g
/l
)
Ce(mg/l) 
igure 7 Langmuir sorption isotherm of Pb(
T= 25 C, shaking time = 1 h, adsorben
H = 7, solution volume = 25 ml).
ck modiﬁed activated carbon as solid phase extra
://dx.doi.org/10.1016/j.arabjc.2013.07.023It was found that for the range of Lead concentrations
studied (5–150 mg/L), the RL values were in the range
(0.166–0.006) as listed in Table 1.
Moreover, the data were also modeling with the linear form
of Freundlich isotherm (Freundlich, 1906) which is given by
the Eq. (5):8 
20 25
II) onto AC-EBB
t mass = 25 mg,
ctor for removal of
Table 1 Separation factor RL at different Pb(II)
concentration.
Ci RL
5 0.1666
10 0.0909
20 0.0476
30 0.0322
40 0.0243
50 0.0196
60 0.0163
70 0.0140
80 0.0123
90 0.01098
100 0.0099
110 0.0090
120 0.0082
150 0.0066
y = 0.007x + 0.061 
R² = 0.962 
0 
0.2 
0.4 
0.6 
0.8 
0 20 40 60 80 100
t/
q t
t (min)
Figure 8 Pseudo-second-order kinetic plot for the sorption of
Pb(II) on AC-EBB (Co = 150 mg/L, T= 25 C, adsorbent
mass = 25 mg, pH = 7).
Table 3 Analytical results for the determination of Pb(II) in
spiked natural water samples (T= 25 C, shaking time = 1 h,
adsorbent mass = 25 mg, pH 7).
Samples % Recovery
Sea water 99.01
Tap water 99.44
Wastewater 99.38
ICP-OES wastewater 68.91
Ground water 99.20
6 H.M. Albishri et al.log qe ¼ log kf þ
1
n
logCe ð5Þ
where Ce (mg/L) is the equilibrium concentration of the adsor-
bate, qe (mg/g) is the amount of adsorbate adsorbed per unit
mass of adsorbent, kf (mg/g (L/mg)
1/n) and n are Freundlich
constants. The plot of log qe versus log Ce gave a straight line
with slope of 1/n whereas kf was calculated from the intercept
value. The obtained value of correlation coefﬁcient, R2 (0.513)
and the higher than unity value (3.89) of 1/n clearly indicateTable 2 Effect of coexisting ions on adsorption of Pb(II) onto AC
adsorbent mass = 25 mg).
Coexisting ion pH
Cr(III) 8.0
Co(II) 7.0
Cd(II) 7.0
Na(I) 7.0
Ca(II) 7.0
Cr(III), Co(II), Ni(II), Cd(II) 7.0
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obeying Freundlich model (Freundlich, 1906).
3.8. Kinetic studies
3.8.1. Pseudo-second-order
The pseudo-second-order equation (Lin and Wang, 2008) is
expressed as:
t=qt ¼ 1=k2q2e þ t=qe ð6Þ
where qe and qt are the adsorption capacities (mg/g) at equilib-
rium and at time t, respectively and k2 (g/mg.min) is the rate
constant of pseudo-second-order sorption. By plotting t/qt ver-
sus t, qe and k2 can be determined from slope and intercept.
The linear plot of t/qt versus t at 25 C, 150 mg/L initial Pb(II)
and at pH 7 shown in Fig. 8, yielded R2 value equal 0.949. The
qe and k2 values were determined from the slope and intercept
to be 142.85 and 4.90 · 105 respectively. The obtained values
of R2 and qe showed that the kinetics of the adsorption process
is ﬁtting with pseudo-second-order model.
3.8.2. Pseudo-ﬁrst-order
A linear form of pseudo-ﬁrst-order equation (Lagergren and
Svenska 1898) is expressed as:
log qe  qt ¼ log qe  ðk1=2:303Þt ð7Þ
where qe and qt refer to the amount of adsorbed (mg/g) at equi-
librium and at any time, t (min), respectively, and k1 is the
equilibrium rate constant of pseudo-ﬁrst-order sorption (1/
min) (Lagergren and Svenska, 1898). The results obtained
for R2 (0.6257) and qe 87.9 mg/g revealed that the kinetics of
Pb(II) adsorption onto AC-EBB does not follow the pseudo-
ﬁrst-order.
3.9. Effect of coexisting ions
The effects of common coexisting ions on the adsorption of
Pb(II) onto AC–EBB were investigated in binary mixtures,-EBB (C0 of Pb(II) = 10 mg/L, T= 25 C, shaking time = 1 h,
Concentration (mg/L) %E of Pb(II)
50 98.44
50 98.14
50 98.34
1000 99.2
1000 White ppt. appear
5 45.68
lack modiﬁed activated carbon as solid phase extractor for removal of
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Table 4 Comparison with other methods for removal of Pb(II) by different modiﬁed activated carbon.
Method Adsorption capacity (mg/g) Reference
AC/1-acylthiosemicarbazide 48.60 Gao et al. (2009)
AC/Ethylenediamine 49.90 Li et al. (2009a,b)
AC/Zincon 26.70 Li et al. (2009a,b)
AC/Tartrazine 121.30 Monser and Adhoum (2009)
AC/triethylenetetramine 51.90 Zhang et al. 2010)
AC/2-((2-aminoethylamino)methyl)phenol 16.20 (He et al. (2010)
AC/Eriochrome Blue Black 127.89 Present work
Eriochrome Blue Black modiﬁed activated carbon as solid phase extractor for removal of Pb(II) ions 7and in multiple mixture contains 5 mg/L from Cr(III), Co(II),
and Cd(II) and 10 mg/L of Pb(II) at pH 7 as shown in Table 2.
It was found the removal of lead is good although in the pres-
ence of other metal ions.
3.10. Applications
The new proposed adsorbent AC-Fe was applied for the re-
moval of Pb(II) spiked natural water samples (5 mg/L). The
samples were collected from Jeddah City, KSA of Red sea
coast and ground water, and wastewater treatment station at
King Abdulaziz University, tap water and ICP-OES wastewa-
ter from our research laboratory. The quantitative recovery
obtained as shown in Table 3 under batch conditions indicates
the ability of AC-EBB for the removal of Pb(II) from environ-
mental water samples.
3.11. Comparison with other methods
Comparative information from some studies on removal of
Pb(II) by various modiﬁed activated carbons is shown in Ta-
ble 4. As seen from the data in Table 4, AC-EBB had a high
adsorption capacity as compared with other adsorbents.
3.12. Possible mechanism
The experimental data showed high lead-afﬁnity of AC-EBB
with the maximum sorption capacity (127.89 mg/g). The possi-
ble coordination mechanism for the interaction between Pb(II)
and the chelating agent EBB loaded AC may be illustrated as
shown in Fig. 9. EBB incorporates two hydroxyl oxygen atoms
and one azo nitrogen atom available for binding and coordina-
tion with Pb(II). This suggestion is based on the acid dissocia-
tion constant values of a similarly related structure of EBB
ligand pK1 = 1.0, pK2 = 7.3 and pK3 = 13.0 (Zhao et al.,
2004). Thus two metal chelate rings are formed with a 1:1
stoichiometry of Pb(II):EBB complex. Taking into account,Figure 9 Possible mechanism for the interaction between Pb(II)
and EBB ligand loaded on AC.
Please cite this article in press as: Albishri, H.M. et al., Eriochrome Blue B
Pb(II) ions from water samples. Arabian Journal of Chemistry (2013), httthe concentration of EBB on surface of AC and sorption
capacity of Pb(II) by AC-EBB adsorbent in addition to the
pK1 value, one can conclude that a complex of 1:1 stoichiom-
etry is more favored than 1:2 with a potential participation
of –SO3H as a strong ion exchange group.
4. Conclusion
A satisfactorily selective and simple method for the removal of
lead Pb(II), from water samples was achieved. The method uti-
lized activated carbon (AC) physically modiﬁed with Erio-
chrome Blue Black (EBB) as a solid-phase extractant.
Surface properties of the AC-EBB phase were characterized
by FT-IR and SEM. The separation parameters for effective
adsorption of lead Pb(II), including effects of pH, initial con-
centration of Pb(II), coexisting ions and shaking time using the
batch method were studied. The optimum pH value for the
separation of Pb(II) on the new sorbent was 7.0, and the max-
imum static adsorption capacity of Pb(II) onto the AC-EBB
was 127.89 mg/g at this pH and after 1 h contact time.
The Pb(II) adsorption data were modeled using Langmuir
adsorption isotherms with R2 = 0.967 and RL in the range
of 0.166–0.006. The results of kinetic studies revealed that
the adsorption of Pb(II) onto activated carbon followed
pseudo second-order.
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